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The calculation of hypotheses of molecular formulas to match a given 

mass number is a fussy and error-prone chore, 

simplest arithmetic. A number of tables have 

burden for mass spectrometrists (1, 2, 3, 4). 

have been written to read input punched cards 

corresponding fo-mulas (2, 5, 6). 

notwithstanding its steps are the 

been published to alleviate this 

Better still, computer programs 

and return printed lists of the 

The advent of time-shared computer facilities portends that chemists 

will take increasing advantage of such programs as workaday tools. The expected 

intensity of application stresses the desirability of an efficient algorithm. At 

the same time this should take a minimum of instructions so that it can be accessed 

and executed in a single pass in a time-sharing environment. 

A program to meet these specifications has been written for the time- 

sharing system on the Q-32 computer at System Development Corporation, Santa 

Monica, California. It was composed and debugged and is routinely called and 

executed over a 400 mile teletype link from Stanford. Including dialup and logging 

in, the typical turnaround time is one minute; only a few milliseconds are taken 

up by the actual computation. 

The program is written as a single block in the JOVIAL language, a dialect 

of ALGOL, readily translatable into PL-I or FORTRAN. It can be punched on 30 cards. 

Copies will be gladly furnished by the author on request. 

The algorithm includes a number of shortcuts to eliminate fruitless 

searches. Mass numbers are resealed to the base, Hl = 1.0000. Hence the resealed 

weights will differ from a nominal integer by a relative mass defect which varies 



for each atom of the other elements (C = 12 - 0.09317, N = 14 - 0.10565, 

0 = 16 - 0.12927), but is zero for H. The scan over H values can then be limited 

by calculations on the mass defect, and by a valence rule (allowing for one 

excess proton) H 5 3 + 2C + N (7). H must also have the same parity as the 

nominal mass number. 

Within an H-scan loop (FOR H = (HMIN, 2, HMAX)); a scan for C is set up 

that is also limited by the results of a similar analysis. It is also constrained 

in advance by a CMIN read from the teletype (to limit excessive output of irrele- 

vant forms) and by the requirement that the remaining mass be allocatable to the 

sum RWT = 14(N) + 16(o). This lends itself to some integer arithmetic by the 

transformation RWT = 14(N + 0) + 2(O); hence RX/14 - (N + 0) with a remainder of 

2(O), as the first solution. So long as the condition (N + 0 ~(0) can be ful- 

filled, i.e., _ N > zero, the correspondence 8(N) 5 7(O) leads to additional trial 

solutions. Each of these is then tested for agreement with the given mass value 

* mass error bounds, and if it passes the result is printed. 

At least on some machines time could be saved by the elimination of floating- 

point arithmetic and by some additional use of look-up tables, but the present form 

of the program probably represents a reasonable balance of programming effort vs. 

efficiency. The algorithm is already rather more efficient than those previously 

reported. On the Q-32 the ad hoc revision of the symbolic program for special pur- 

poses is quite easy, For production tests it is stored as a precompiled binary 

text of 1704 words. 

A self-explanatory printout of a complete test run is appended. 

There is of course no theoretical obstacle to wiring the mass spectrometer 

directly to the computer; a closed loop operation is the aim of current work in 

this laboratory. 



Figure 1. A sample run on data for dihydroxanthurenic acid (8). Other evidence 

for the presence of -C = 0, -OH, -OH, and N narrows the choice to C H NO 109 4' 
The text typed by the user has been underlined. The remaining text is the 

Q-32's response. 

!LOGIN SIN10 JGO93 .---- _I. __^-- -____ 
%OK LOG GIi! 29 15:57.3 01/13/6S 
! LOAD MOLFOEX -----.--____ 
$LOAD 29 
! GO --. 

**CALCULATION oi; MLECULAR FOEP1ULAS** 
MASSVALil = ? 207.05411 _-- ..___ 
MASSERRO = ? .003 

CARE!:11 p: = 
- --_ 

3 . 0.5 -- 
MASS NU:IBEH c l-f 0 N UNS zc 

207.054-C” = 11 5 0 s 24 63.75 
207.051E2 = 8 7 3 4 I5 46.37 
207.05534 = 13 7 1 2 23 75.34 
207iOS316 = 10 9 4 1 14 57.96 

. ..EOJ... 

MASSVALU ‘= ? 

! 
TIXE ----- - 

$CLOCK TIi-iE IS 17ZS5 
! Qi~TT -.----. 
EXSG IN 



Figure 2. Peptidolipin-NA (9). This datum was run at the suggestion of 

Professor C. Djerassi, to illustrate the scope of this technique. Any 

printed tables large enough to include such large molecules would be prohibitively 

voluminous. Even here, to limit the output, the program was revised slightly 

(from the teletype keyborad: this took about five minutes to implement) 

as indicated by the headings. 

The last three items on the output list are perhaps equally plausible in 

the context of a substituted oligopeptide. Further analytical information (10) 

N=10.2%, gives a clear decision in favor of C 50~89'11~7. 

SMSG IN. 
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400 000000tlwANG COMPARE MITH 360/5 u4ccA--? 

STANFORD UNIVERSITY CO?PILER -- VC-:RSION OF 9/13/66 hw 

;44*.. COMMENT BALGUL PROGRAM TO CALCULATE MOLECULAR FOQMULAS FROM A HIGH f?ESCi 
144.m. LUTICtJ MASS VALUE. THIS VERSION READS THE ftiASSvC.t.UE, ITS ERR.OR, A:40 THE 
144 l . . MINi?UM VALUE FOR CARBON Co\TEhlT, THIS CA:.& BE ST&TED EITHER AS AN Iri- 
144*.. TEGER NU,‘-IBER DF CARBON ATOtiS OR AS A FRACTIONAL “ROPURJION OF CARBCI’J BY 
144s.. WEIGHT. EXCEPT FOR MINOR SY?JTACTICAL DIFFERENCES, THIS IS THE SAME AS I 
144.. . THE CORRESPONDING PROGRAM IN TINT/JOVIAL, MOLCALC. 
144 *.. THE MAJOR ADAPTATIONS FOR OTHER LANGUAGAGES ARE PROBABLY THE READ AriD 
144r.e WRITE. $ 
144,, l FLOATING UTWERbiISES 
144... COMMENT T!tUFiCATIDN BY INTEGER ARITHMETIC IS INTEfilDED AF:D IMPORTANTb 
L44... COMMENT ****tiATCH THE SYYBCL TABLE. REAL MEANS FLOATl~~G~-PCI~~T). 
14L.m. FUNCTION FIX IS CALLED IMPLICITLY tiHEP: A REAL EXPRESSiO:d IS 
144. l . ASSIGNED TO AN INTEGER CONSTANT. MIXED EXPQESSIUNS FLOAT ANY 
144.e. INTEGER PARTS AND YIELD A REAL RESULT****B 
144... TNTEGEQ C, H ,O,NrXNOM,C~lI_N,C~~AX~H~~IN,t~MAX~HUYSIRWTtCL~~~~~,O~~I~~, 
1+,.. N~IN,HDNR$ -_,... 

r44*** INTEGER ARQAY HVAL~0..13I=(0,1,2,3,2,1,0,-I,-.2,-3,-2,-1~0,:)$ 
144.** COMMENT SEE LEDERDERG AND k!IGHTMAN, ANAL. CWEM., 36,2365(i964). 
l44... THIS CORRECTION ALSO TAKES A/C RADICALS A:xD PROTONATED SPECIES6 
l-$6... WC=LZ.OB WH=f.007825223 WN=l.4.003074$ ~0=15,994915$ 
154**. CCMMENT WH IS USED TO SCALE MASSVALUES TO THE BASE H=l.oOO 
154**. WATCH ARITHMETIC FOR PRECISION 
154..* ON THIS BASE, C N AND 0 HAVE A MASS DEFECT.... 
f54... 128.795, 132.514r 123.769 DALTONS PER UlVlT DEfECTs 
L56*.. ~R~TEI~~HDR~$ 
15t*.. FORKAT HDR (B16, ‘**CALCULATION OF MOLECULAR FORMIJLAS**‘,L171$ 
173... NEXTR.. 
'175.*. READlb$p4SSINPUTS)$ INPUT MASSINPUTS~~~ASSVALUE*~~&SSERROR,CAR~MI~~~~ 
205, l . IF #ASSZRROR LEC: 05 MASS~RROR=O.OOOi$ 
213*., COF!MENT FUR PROGRAM CHECKOUT ONLY. RE4LISTIC ER*OR SHOULD BE READ IN. 
213.1. TRY ALSO ILi.ASSERROR = PRECISION. MASSVALUE 
21?... IF CARDFIN E61L 0 OR CARBr?IN GTR 0.99’39933 BEG-IN 
224,.. C#IN=CARBMI?iB GO TO CAR~ATO~I$ END 3 
225..* COMMENT LIZUPS FOR ADDNL. ATOM TYPES SHDULC GO HEQE. 
225.*. THEY SHOULD MODIFY VALUES USEU IN INNcl% LC!O?SS 
235,s. CMIN = (CARBMIN. tf:ASSVALUE-MASSERRC3t I/i216 CA?BATO+l.. 
236... fF CMfN LSS 0.B CIIIIN=O$ 
24f**. ~RIT~~$$INR,HDZ~$ OUTPUT INRIMASSVALUE,~ASSERRORtCMfNlb 
255*.. FORMAT HD2 (W2,‘CALCULATION FOR MASS= ‘#X11.4,’ +/- ‘,X7.4, 
2?7.., * Cr.Iti GIVEN AS *,13,5J2, 
311 0.. ‘MASS VALUE C H 0 N UNS P/C C'*YZl$ 
311,s. IF MASSVALUE LEQ QSGO TO EOJ$ 
314*** CONtIEi\lT PIIESU?IED. GARBLES 
314... XNUH=0.9+MASSVALUE. 0.998889 
325... COMMENT IhTEGER TRUNCATIO?d 9FTER SCALIUG MASS X 14,DfCttZ. 
321*.. THIS WILL COVER ALL REAL CO~~POUNDS OF t,H,D,N WITH,E.G., LSS TkJAN 
32L... 20 CARBOXYL GROUPS. IF OTHER NUCLIDES ARE KtiO!<N TO BE ABUNDANT, 
321... MORE CAREFUL ANALYSIS IS INDICATED. XNO:d IS INTERPRETED AS THE NOX*:IV&t 
32l.. . MASS IF EACH AT-O’4 H!?.D II”ITEGRAL Mr(SS$ 
321... tP, i = fiAj jktdLUE/'l'L{* 186 3 
325... MU = MASSER~OU~WH3 
331..* MD=XNU>!-t”i $ 
336s.. F;CL=FlAX (0, PC-FIR ) :F 

) 345*.&l VOH=~l~+ttQ $ 
$ii'3,.* COzyE%T RELATIVE MASSDEFECTS, ~~4~,LO~,HI~H3 I 



353... XI(r=~~ASSVALUE+~~ASSfRR~R~ XtO=MASSVALUE-;4ASSERROR$ 
XHI=MfPi(XHI,3,~H+(XNOM-3). (L.001118 116 

COf*tb!ENT MAX AS IF 4LKA:iIES 
XLO=~~~AX(XLa, ~tfo.XF\IOI”lI/I.G) B 

COYlf-‘E:df ftfN IF D::tY OXYGEN. A GOOD POI”JT TO INPUT OTHER RESTRICTIDNS$ 
Ht~tAX=biI&t LXNOM-I2,CNIN), (HVAL(biOD(X’dObl,i4) )+2.1XNOM/IL*I It 
EIX(XNOb’-223.76 . MDLI 1% 
COMPlENT DERIVED FROM ill.. RESIDUES AFTER CMIN ALLOCATED, 

t21.. RESIWES AFffR CCNSEDERI?dG MAX POSSiBLf CHZ’S, 
(31.. ALL[jCATIQ:J FJEEDED TO MAKE UP NASS FRACTIOVO 

HMIN=XNU~-Z.(FIX(~32.52 .MDH t/21$ 
IF H:lIN LSS 06 ti~lIN=M~D~XND~,Z)$ 
FOR H=fHMIN~2~li~l4X~ $ BEGIN 
HF = H(0.007825221$ 
NMIN=(XLO-XNON-HF).(325.309)8 

COMME?IT L/tbiN-141s 
ONIN = IXHI-XNOM-HF).(-196.656)8 

COM~lENT ?I O!O-16 16 
OMIN=M~XIO,OMINN NMIN=MAX(O,NMIN)b 
~ONR=XNOM-IH+?6.0MI~~+14.NMINtb IF HONR LSS O$ GD TO M0REH.s 
CLU =(15,H-XNO~~-16,OMIN-421115b 

COMb:ENT WRKING CMfNIM BY NEED TO 9IND tl’Sb 
ClO=MAX (CLO*CMI NI 16 

CMAX= HC)f%t/12$ 
COMMENT PUT ADDeL DATA RESTRICTIONS HEREB 

fOR C=~CLOIL,CMAXl$ BEGIN 
COMMENT ALGC1L FOR LOOP.. . SKIPS IF CL0 GTR CHAX$ 

RtiT=XNU:+H-LZ.C$ 

3Fib..* 
373.*. 
405... 
Wb... 
42?... 
452 . . . 
4%... 
454.. l 

454... 

4bD*.. 
464.*. 
473... 
504... 
513**. 
523... 
527... 
534*.. 
542... 
550... 
565... 
6001.. 
605.. . 
606.. . 
614..* 
625... 
625... 
631... 
040.. . 
654**. 
b-t&... 
703... 
715*.. 
720... 
722.*. 
?24... 
725... 
740.. . 
741... 
761... 
770..* 

lp105**. 
1017... 
1024... 
lci35... 
1055... 
1057... 
1050... 
fC!bfr... 
1061.*. 
1076.*. 
1101... 
LLC?, l . 

: ,A 1.; E&l!JS AT 

\YS f?\lU AT 

NO=RWT/14$ O=(~~OD~R~~T,l4)/2~$ 
IF 0 LSS OMIN$ BEGIN O=7.~OMIN/7)+MOD(0,718 IF 0 LSS ClMltJ6 
0=0+7 5 ’ 
N=fRWT-16.01/14 d GO NTEST B END B 
N=NO-0s 

NTEST.. 
IF N LSS NMI”16 CO TO NOGOB 
GO TO TESTPQRSS 
AGAIN.. IF 24 GE& ,s$ BEGIN N=M-86 0=0+78 GO Tb TESTPQRS Ei\lD $ 
GO TO NOGO 
TESTPQRS.. 
XFL= C.WC +I\r.k/N +U.WCI +H,HH$ 
HUAS=N+2.C+2-H$ PCC=IlZQO.CllXFL$ 
If XFL GEQ XL0 AND XFL LEQ XHI AND HUNS GEQ --IS 
HRITE tfiASNWRS, XfF) $ 
FQRY4T XFFIXL0.5,” = ‘, 5f3, X12.2,Wf$ 

OUTPUT AS~~~RS~XFL,C,H,O,N,HUNS,PCC)~ 
GO TO AGAINS 

NOGO..ENO$ 
r!OREH.. 
E%Db 

EOJ,. 
PRINTOUT(’ . ..END OF JOB... READ NEW DATA’IB 

GO To NEXTR$ 
FI:;ISt~S 

1103 
11200 

tLES BEGIN AT 77336 



RCLCCK Tfi4E IS 1O:ll. 
! QUIT 

$MSG IN. 



SCLOCK TIME IS lo:090 

!LOGIN SUOlO JG093 - --...- 
$OK LOG ON ‘?9 4 17:57.3 01/13/65 
! LOAD MOLFORX --_-- 
$LOAD 29 
! GO 

**CALCULATIOX OF MOLECULAR FORMULAS** 
MASSVALU = ? 207.0541 1 _._ - _-.. 
MASSERRO = ? .003 -- 

CARBMXN = ? 0.5 _---__ 
MASS NUM3ER C H 0 N UNS ZC 

207.05m9 = 1 t 5 0 5 24 43.75 
207.05?82 = 8 7 3 4 1s 46.37 
207.055:34 = 13 7 1 2 23 75.36 
207.05316 = 10 9 4 1 14 57.36 

. ..EOJ... 

! TIXF ___.: ..-- .-~ 
$CLOCK TII,IZ IS 17:58 
! QUIT -- 
$MSG iid 

**MOLEC!jLAR FORMULAS : :PARENT MOLECULAR IONS 
E”;fiSSiiALif = ? 963*6539 
MASSZRRO = ? -----il’:Q:~f) - ..--- 

CARBMIN = ? 20 
NMINIM = ? I? 
OMINIM = ? 1 

MASS NWi3ER -c x 0 N UNS ZN 
963.65714 = 27 77 8 31 13 45.35 
963 * 659S2 = 31 Pl 10 25 Fs 36.33 

jl. ., ., .+ .,’ _ ’ _ i ‘1 i _’ ., i : , _ 
-, .- y CI *J * 0 3 ; J d = 4 0 93 ‘; I \> i.:.. ijj*t 7’ 

96.?..65799 = 45 83 13 9 12 13*OF 
963*6ci.?!Ol = 553 69 1 i -i 21:) IO-17 

. ..EOJ.e. 


